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Abstract 
 
Contemporary companies tend to avoid quality testing activities as they are regarded as non-value-adding efforts. Nevertheless, certain quality 
tests are mandatory to ensure the product quality to the customer. In order to reduce financial efforts and avoid testing overhead, quality testing 
activities need to be planned and harmonised throughout the entire product life cycle. The following paper focuses the development of a digital 
configuration system for quality testing activities throughout the product life cycle. To identify all important inspection processes, an overview 
of life cycle-orientated quality testing activities is presented. Thereafter, a development concept for the digital configuration system is 
introduced. The scope of the paper includes the digitalised process of planning quality testing activities in context of product life cycle 
management applied within developing and producing companies running volume production. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of the “8th International Conference on Digital Enterprise Technology - DET 
2014. 
 
Keywords: Product Life Cycle Management; Quality Management; Inspection Planning 
 
 
 
1. Introduction 
 
Contemporary companies often classify quality testing 
activities as non-value-adding processes. Therefore, activities 
related to quality inspection are frequently brought into focus 
of optimisation projects with the result of occasionally being 
eliminated from the process concept. This implies that the 
process itself needs to be designed in a way that quality 
requirements can be met which is often unreasonably 
expensive. In addition, a certain amount of quality testing 
activities is necessary to determine whether the inspected 
product, process or service complies with its specific 
requirements [1, 2]. First, these inspections assure product 
quality to external customers. Second, companies are able to 
derive measures for  continuous improvement by using the 
knowledge about failures and process capability which is 
acquired by quality inspections [3]. Third, especially supplier 
companies have the obligation to prove their quality assurance 
activities  using  certain  pre-defined  documents  [4].  Hence, 
quality testing activities are necessary support performances 
for value-adding processes and need to be planned thoroughly. 
Due to the fact that quality testing processes are non-value- 
adding  activities,  companies  are  panting  for  aligning  and 
optimising  their  inspection  activities  throughout  the  entire 
product life cycle [5]. When drawing an extensive balance 
sheet for quality testing activities, time and financial efforts 
spent on inspection activities should be minimized throughout 
the   entire   product   life   cycle.   A   suitable   concept   for 
summarising expenses on quality inspection is the idea of 
stating out a “quality testing footprint”, which is used in latest 
research activities (see [6]). 
Quality testing activities take place in different stages of 
the product life cycle [5, 7]. The most popular testing 
activities are common inspection routines during the stage of 
production, such as dimensional checks or functional tests. 
However, quality management has extended its activity focus 
during the last century from the production stage to all phases 
of the product life cycle [8]. Hence, activities related to quality 
 
© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of The International Scientifi c Committee of the 8th International Conference on Digital Enterprise 
Technology - DET 2014 – “Disruptive Innovation in Manufacturing Engineering towards the 4th Industrial Revolution”
352   Jan Kukulies et al. /  Procedia CIRP  25 ( 2014 )  351 – 360 
testing also take place in both earlier and later stages of the 
entire product life cycle. Exemplary inspection processes are 
design reviews in the stage of product development or 
reliability tests during product use. 
Considering quality testing activities throughout the 
product life cycle, a huge variety of dependencies between 
particular inspection processes can be identified. For example, 
functional tests performed in the stage of production can be 
aligned with the results of a design review which is conducted 
during product development [9]. In order to align quality 
testing activities and therefore optimise the quality testing 
footprint, interdependencies between quality inspections need 
to be identified and analysed. At first, a common 
understanding of quality inspections as well as a review of 
common inspection activities is mandatory. Hence, the present 
paper provides an overview on quality testing and inspection 
activities throughout the product life cycle. Based on the 
identification of relevant testing processes at all stages of the 
product life cycle, interdependences between inspection 
activities as well as influencing boundary conditions can be 
analysed. On the basis of a deeper understanding of the 
interconnections, it is possible to align quality  testing 
activities at all stages of the product life cycle. For this 
purpose, a development concept for a digital configuration 
system of life cycle-orientated inspection planning is 
introduced. The development approach towards the digital 
configuration system is presented as well as the field of 
application in context of product life cycle management and 
digital process planning. 
 
2. Inspection Planning within Product Life Cycle 
Management 
 
2.1. Product Life Cycle Management 
 
Aligning quality testing activities throughout the product 
life cycle requires a common understanding of both quality 
testing activities and the product life cycle term. The present 
paper refers to the definition of product life cycle 
management named by Eigner and Stelzer. They consider the 
product life cycle concept as one of contemporary companies’ 
core processes, covering all activities related to planning and 
designing products, resources and processes as well as 
activities within product use and recycling [10]. In order to 
structure the entire process, different stages within the product 
life cycle can be identified. These stages as well as exemplary 
corresponding tasks are illustrated in figure 1. 
The illustrated understanding of product life cycle 
management is commonly spread. Similar product life cycle 
concepts can also be found within [11, 12]. 
As product life cycle management includes all activities 
regarding product and process planning, it also comprehends 
the task of planning and harmonising quality inspections. This 
especially applies when considering quality testing activities 
throughout the entire product life cycle (also see chapter 3.3). 
Furthermore, the stage concept, illustrated in figure 1, 
facilitates a classification of quality testing activities into 
different phases of the product life cycle. 
 
2.2. Inspection Planning 
 
The planning and development of quality testing activities 
is performed within the process of inspection planning. 
Examining contemporary literature, significant differences in 
the definition of the term “inspection planning” can be 
identified. According to the guideline VDI/VDE/DGQ 2619, 
inspection planning deals with the process of planning quality 
testing activities which are conducted during the stage of 
production [13]. Hence, the scope of inspection planning can 
be seen as defining quality testing activities related to the 
stages of manufacturing and assembly. Consequently, the 
process of inspection planning mainly takes place during 
production planning since manufacturing processes as well as 
necessary resources are planned during this phase. 
Nevertheless, various quality testing activities executed at 
production stage are identified and determined in earlier 
stages of the product life cycle, as shown in [14]. 
The definition of inspection planning introduced above is a 
conventional definition stated by various authors,  such  as 
[15, 16, 17, 18]. Adjacent  to this interpretation, a more 
comprehensive definition can be found in contemporary 
references. According to these, the process of inspection 
planning does not only comprise quality testing activities 
conducted during the stage of production but also the process 
of planning inspection activities taking place during further 
stages of the product life cycle [4, 19, 20, 21]. These are 
inspection activities from the perspective of quality assurance 
addressing process results from early stages of the product life 
cycle, such as verifying design quality during product 
development [5, 22, 23]. For example, quality inspections 
such as FMEA execution or design reviews investigating the 
results of a development process also need to be planned. 
Hence, the comprehensive process of inspection planning 
plays an important role in the context of product life cycle 
management. The present paper adapts this comprehensive 
definition of inspection planning. 
 
 
 
       
 
Fig. 1. Concept and stages of product lifecycle management. 
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3. Overview of Quality Testing Activities 
 
3.1. Definition of Quality Inspection and Testing 
 
Regarding the understanding of the term “quality 
inspection”, especially normative definitions can be found in 
context-relevant literature. The standard DIN 55350-17 
defines quality testing as determining, whether an object 
complies with its quality requirements [7]. The notion of the 
word “object” covers various entities, such as an activity, a 
process, a product, an organisation, a person or a system [22]. 
A similar definition provides the international standard DIN 
EN ISO 9000 specifying the term of inspection as 
“conformity evaluation by observation and judgement 
accompanied as appropriate by measurement, testing or 
gauging” [24]. Closely related to inspection, the term of 
testing is defined as “determination of one or more 
characteristics according to a procedure” [24]. Both terms 
“inspection” and “testing” refer to compliance evaluation 
activities of specified objects according to their quality 
requirements. As it is also general linguistic usage within 
producing companies, both terms quality testing and quality 
inspection are used as synonyms in the present paper. In 
addition, the investigation focuses the character of the 
inspection process [19] neglecting aspects, such as amount, 
time lapse or responsibility of quality testing activities. 
 
3.2. Quality Testing within Production Stage 
 
Within the product life cycle, quality inspections are 
traditionally linked to the stage of production [20]. Generally, 
there are different options of locating testing activities in a 
production system [25]. In order to classify these options, 
inspection processes can be structurally divided into the 
following three categories: 
 
x goods receipt inspection 
x in-process inspection (manufacturing and assembly) 
x end of line inspection 
 
This kind of classification can be found in manifold 
references, such as [1, 7, 19, 26, 27, 28]. A general allocation 
of testing activities to these stages of production will be 
conducted in the following sections. 
 
3.2.1. Goods Receipt Inspection 
 
Goods receipt inspection mainly covers testing activities 
regarding delivered products [7], such as raw material, 
auxiliary material or pre-assembled components. Especially 
for companies with a lower depth of added value, goods 
receipt inspection is of high importance. The first common 
quality testing activity in goods receipt is inspecting 
completeness of the supply. Further testing activities are 
dimensional inspections, appearance testing as well  as 
material testing [27, 29]. In case a pre-assembled component 
is supplied at goods receipt, functional testing can also take 
place. 
The extent of goods receipt inspection varies from no 
inspection to extensive testing depending on the planning of 
supplier quality control [1], which is part of the supplier 
management process. A common method of determining the 
extent of goods receipt inspection is to define quality 
assurance agreements with supplying companies [30]. Within 
this, rates for the acceptable quality limits (AQL, also see 
[31]) are defined [1]. 
 
3.2.2. In-process Inspection 
 
In-process inspections are conducted during volume 
production. These quality testing activities investigate the 
conformity of the product or the production process to its 
quality specifications during the stage of manufacturing. 
These inspection processes are  usually conducted by both 
production and quality assurance personnel [1]. The concept 
of carrying out inspection activities by production personnel 
is often described by the term of “operator self inspection” 
which is regarded as a factor of success for efficient quality 
testing [19]. 
During the stage of volume production, different product 
quality testing activities are performed. Regarding 
manufacturing stage especially dimensional and surface 
inspections are conducted. During assembly stage the results 
of the particular assembly processes (e.g. joining or 
adjustment) are inspected. Besides product  inspections, 
quality testing activities referring to the production process 
take place at in-process inspection. Usually, quality-relevant 
process parameters are investigated in order to state out 
whether the process is capable. The idea behind process 
inspection is to create confidence in the process producing 
good parts which don’t need further inspection activities. 
Hereby the total effort spent on quality testing can be reduced. 
Nevertheless, additional requirements regarding testing 
technologies and equipment are made in case inspection 
activities are carried out online during the manufacturing 
process. A common concept to conduct process inspections 
systematically is to establish process capability studies [15]. 
By monitoring the mean and the deviation of a process 
parameter or result, it is possible to continuously observe the 
process capability by defining capability indices, such as cp- 
and cpk-values [32]. 
A more comprehensive testing concept for manufacturing 
and assembly processes is the idea of a process audit for 
production processes, defined in [33]. The process audit 
includes various testing activities ensuring that the 
manufacturing and  assembly processes meet their 
specifications to ensure product quality. 
 
3.2.3. End of Line Inspection 
 
End of line inspections are quality testing activities 
performed at the end of the production stage. Here the product 
is finally inspected  before shipment. End  of line tests are 
performed either at integrated inspection stations or at 
separated inspection areas [1]. One important end of line 
inspection activity is functional testing [20]. Within this, 
quality-relevant product features are investigated. In addition, 
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phases of the product life cycle [4, 5, 7, 19, 20, 35]. In order 
to classify quality testing activities for the digital 
configuration system, the concept of product life cycle 
management introduced in chapter 2.1 is used as a regulation 
framework. Regarding the scope of the investigation, testing 
activities will be analysed from the stage of requirements 
elicitation to product use. This is based on the fact that 
inspection activities related to product breakdown or defect 
events are allocated to the stage of product use. As the stage 
of recycling therefore offers no more significant testing 
activities according to the above-named understanding of 
product use, the stage of recycling will be excluded from the 
scope. 
According to the generalised definition of quality testing 
activities provided  in chapter  3.1, the  scope  of inspection 
Fig. 2. Quality testing activities during production stage. 
 
the appearance of the product is visually tested ensuring that 
surface defects can be excluded. Further quality testing 
activities regarding perception refer to acoustical or haptic 
properties as well as olfactory inspections [29]. Finally, the 
completeness of the shipment is inspected to make sure that 
no parts are missing. 
An important comprehensive testing concept which is 
frequently applied within end of line inspection is the concept 
of a product audit described in [34]. This kind of audit 
includes a certain amount of testing activities evaluating 
whether the shipment-ready product complies with its 
specifications. For example, various characteristics referring 
to function, material, reliability or packaging are analysed. 
Those product audits are conducted regularly and can also be 
applied in other stages of the product life cycle, such as 
product development. 
Especially for supplier companies, end of line inspection 
have to be harmonised with testing activities of good receipt 
at the original equipment manufacturer (OEM). Usually, this 
is regulated within quality assurance agreements which have 
also been described in the section of “Goods Receipt 
Inspection”. 
 
3.2.4. Summary of Quality Testing within Production Stage 
 
As seen above, various quality inspections conducted 
within production stage can be identified. Figure 2 
summarises the results of the investigation. This classification 
of testing activities only shows a general tendency of 
allocating inspection activities to different stages of 
production. It can be stated that depending on the character of 
the product and production system the focus of testing 
activities can be shifted to different stages of the entire 
production phase. Above all, design testing activities can be 
explicitly excluded from the inspection focus of production 
stage as design quality needs to be ensured in earlier stages of 
the product life cycle [5]. 
 
3.3. Quality Testing throughout the Product Life Cycle 
 
As already stated in chapter 1, quality testing activities are 
not only conducted during production stage but also in other 
planning can be almost unendingly broadened. As objects of 
quality inspection can vary from products or processes to 
organisations or persons, the planning of quality testing 
activities can notionally also be applied to general system 
audits or even to appraisal of creditworthiness of clients. The 
range of inspection planning would consequently be 
inexpedient. Therefore, the scope of investigating quality 
testing activities throughout the product life cycle is reduced 
to testing activities related to product and process inspections. 
 
3.3.1. Testing Within Requirements Elicitation 
 
At the beginning of the product life cycle, customer 
requirements are collected and evaluated [10]. These 
customer-related requirements are transformed to  product- 
and process-specific requirements. As the stage of 
requirements elicitation is the point of origin for all product 
and process development activities, it is recommendable to 
conduct quality inspections for the results of this stage [19]. 
These testing activities investigate whether the defined 
product specifications are able to meet the customer 
requirements. This kind of quality testing is generally called 
“requirements review” [36]. By the use of a requirements 
review quality inspections in the later stages of the product 
life cycle, for example product development, can be initiated 
or optimised. 
 
3.3.2. Testing Within Product Planning 
 
Within the stage of product planning, different ideas and 
concepts for the final product are identified and assessed. In 
order to ensure product quality at an early stage, quality 
testing activities for product ideas and concepts are 
recommendable [37]. Within this, especially aspects of 
technical and economical feasibility are investigated. 
Especially results of quality inspections for technical 
feasibility can be linked to further testing activities during 
product development. 
 
3.3.3. Testing Within Product Development 
 
The detailed product design is engineered during the stage 
of product development. Within this, several important quality 
testing activities regarding design drafts [7] are commonly 
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applied throughout companies. This arises from the fact that 
most of the product costs are determined during the stage of 
product development [11]. 
Regarding quality testing activities, the term of verification 
plays an important role. According to the normative 
definition, verification refers to the “confirmation, through the 
provision of objective  evidence  […],  that specified 
requirements […] have been fulfilled” [24]. Regarding this 
definition, notionally infinite quality testing activities can be 
derived as each activity of the product development process 
can be interpreted as a process with specific requirements. 
Hence, in the present paper only common verification 
methods are presented. Nevertheless, the concept of verifying 
results of the product development process is of high 
importance for aligning quality testing activities throughout 
the product life cycle, especially for the discipline of software 
development [38, 39]. 
A common verification method is the concept of design 
review which evaluates the quality of a product or process 
design [19, 40] drafted during product development [41]. 
Design reviews can be conducted during different progress 
states in product development [42]. By investigating the 
product design, design experts point out critical issues from 
which important quality testing activities can be derived. A 
related quality testing activity is the “design review based on 
failure mode” (DRBFM). This method analyses the design 
quality based on an evaluation of possible failures [35], such 
as FMEA execution (also see below). 
Another important quality testing activities during product 
development is conducting a “design failure mode and effect 
analysis” (D-FMEA). The method of FMEA is defined in the 
international standard IEC 60812 [43]. The application to a 
product design (D-FMEA) analyses the existing product 
design regarding possible failure risks in order to derive 
measures for failure detection or prevention [30, 44, 45]. 
Common modifications of the FMEA method are FMECA 
(also introduced within [43]) or FMEDA as shown in [46]. 
Based on the results of a D-FMEA execution, suitable quality 
testing activities in further stages of the product life cycle can 
be derived. 
Especially for products manufactured in volume 
production, samples and prototypes are already built during 
product development. For these objects, quality testing 
activities such as sample inspection can be carried out [19, 
26]. 
These are qualification inspections, such as type inspections 
or build inspections [7]. 
 
3.3.4. Testing Within Production Planning 
 
During production planning, several important quality 
testing activities are carried out. A first quality inspection 
regarding the production process and production facilities 
represents the method of “process failure mode and effects 
analysis” (P-FMEA). The FMEA-method has already been 
introduced in the context of product development (D-FMEA). 
P-FMEA shifts the focus to potential failure modes during 
production stage [17]. In the course of failure detection, 
several quality testing activities executed at volume 
production can be initiated. 
Furthermore, an important quality testing activity taking 
place before volume production is the comprehensive 
inspection concept of “production part approval process” 
(PPAP). The PPAP ensures that product and production 
process specifications comply with their requirements [29]. 
Based on numerous testing criteria regarding product and 
process, the PPAP investigates the quality of the developed 
product and process before volume production. 
 
3.3.5. Testing Within Production Stage 
 
Before the production system is ramped up to volume 
production, usually an inspection of product and process 
qualification [7] is performed [27]. This ensures that 
production facilities and production processes are capable of 
producing products according to their specifications. 
Afterwards, a product trial manufacture is generally 
conducted. This trial offers the opportunity to conduct several 
kinds of inspection activities [7]. For example, the stability of 
manufacturing processes can be evaluated. Furthermore, the 
compliance of the product to its specifications can be 
inspected. 
Trial production is subsequently followed by volume 
production. Regarding this stage of the product life cycle, 
important quality testing activities have already been 
discussed in chapter 3.2. 
 
 
 
      
 
   
 
  
 
 
 
Fig. 3. Quality testing activities among the product lifecycle. 
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Fig. 4. Concept of aligning quality testing activities. 
 
 
3.3.6. Testing Within Product Use 
 
Even in the final stages of the product life cycle, different 
quality testing activities can be identified. For example, 
product behaviour inspection is conducted after the product is 
delivered to the customer [7, 29]. These inspection activities 
can be carried out by the customer or the company offering 
the product. An important example for behaviour inspection is 
the testing of reliability [7, 45]. 
 
3.3.7. Summary of Testing Activities throughout the Product 
Life Cycle 
 
Figure 3 provides an overview of relevant quality testing 
activities conducted during different stages of the product life 
cycle. As already stated in chapter 3.2, the summary shows a 
general tendency of common quality testing activities 
throughout the product life cycle. As each company has 
specific boundary conditions, particular inspection activities 
can be skipped or take place during other stages. 
 
4. Interdependencies of Quality Testing Activities 
 
Considering quality inspections throughout the entire 
product life cycle, interdependencies between inspection 
activities can be identified. Especially testing activities in the 
earlier stages of the product life cycle are linked to quality 
inspections conducted at volume production. For example, 
outcomes of a design review or an FMEA execution result in 
corresponding inspection processes at the stage of production 
[9]. But also quality testing activities in the field stage, such 
as reliability tests have an impact on inspection processes 
performed at earlier stages of the product life cycle. For 
instance, the results of a reliability test can be used for 
subsequent product generation’s design reviews which are 
conducted during the stage of product development. Further 
examples for interconnections have also been given in chapter 
3.3. The interdependencies of quality testing activities can be 
used in order to harmonise inspection processes throughout 
the entire product life cycle. By analysing the character of 
relations, it  is possible to harmonise particular testing 
activities in order to reduce the total testing effort. For 
example, if individual components have been qualified and 
tested separately, it is possible to reduce the extent of final 
function inspection of the assembled product. At its best, an 
elimination of expensive quality testing activities performed 
at production stage is possible by shifting the inspection focus 
to earlier stages of the product life cycle [1]. The idea of 
optimising and aligning interrelated quality testing activities 
throughout the product life cycle is shown in figure 4. 
This process of planning and aligning quality testing 
activities throughout the product life cycle requires a deep 
understanding of the interconnection of quality inspections. 
However, the complex interrelations between inspection 
activities throughout the product life cycle have not been 
identified yet. Contemporary publications on inspection 
planning only address the matter of interconnected quality 
testing activities insufficiently. Hence, an effective alignment 
of quality testing activities cannot be conducted 
systematically and  strongly depends on existing expert 
knowledge. 
In order to display and analyse the interrelations of quality 
inspection activities throughout the product life cycle, an 
interdependency matrix is introduced. This matrix lists all 
relevant testing activities throughout product life cycle stages. 
In order to support this approach, the overview of quality 
testing activities presented in chapter 3 can be used. By 
investigating the interrelations of inspection processes, both 
forward and backward dependencies can be identified. 
Forward dependencies are addressed in the top right area; 
backward dependencies are listed in the bottom left section. 
The matrix is illustrated in figure 5. This concept is a 
premising approach to the systematic analysis of quality 
testing interdependencies. For example, by permuting 
inspection processes from different stages of the product life 
cycle it is possible to design different quality testing clusters. 
Additionally, it is possible to further systematise the 
interconnections of quality inspections throughout the product 
life cycle by classifying testing activities within a process 
morphology. This idea will be addressed in the outlook of the 
paper. 
 
5. Further Influence Factors on Testing Alignment 
 
On the one hand, the planning of aligned quality testing 
activities throughout the product life cycle requires a deep 
understanding of the interconnection between inspection 
activities. Once the relations between testing processes have 
been revealed, it is possible to determine whether the results 
of a single inspection activities can be used as an input for 
other testing processes. On the other hand, the alignment of 
quality testing activities is affected by superior company- 
related  boundary  conditions  which  need  to  be  identified. 
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determines the process of inspection planning and testing 
alignment. Furthermore, supplier companies are forced to 
implement certain testing activities by their customers. 
 
6. Digital Configuration System for Quality Testing 
Activities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QTA: quality testing activity 
 
 
Fig. 5. Interdependencies of Quality Testing Activities. 
 
 
Based on a first approach, these conditions can be 
classified in: 
 
x product-related conditions 
x process-related conditions 
x organisation-related conditions 
x market-related conditions 
 
Regarding product-related conditions, product complexity 
plays an important role. The interdependency between single 
components and potential failures has a certain influence on 
testing alignment. Furthermore, the involvement of multiple 
disciplines, e.g. electronics or software development, affects 
the types of inspections required throughout the product life 
cycle. Considering process-related conditions, the kind of 
applied production technology has a certain effect  on test 
planning and execution. In case technologies are fraught with 
risk, quality testing activities conducted  during production 
stage have to be adapted to technological challenges of the 
process. In addition, the planning of testing activities highly 
depends on the volume level of production. 
Concerning company-related conditions, the planning of 
inspection activities is depending on the business-specific 
development process and the organisational structure. For 
example, results of product development need to be inspected 
concertedly if development is organised and conducted by 
different departments. Moreover, a potential company 
strategy towards testing (e.g. reducing inspection costs or 
obtaining a high-quality market image) strongly affects the 
planning process of inspection activities. But also market- 
related conditions can be identified. For example, the 
customers’  attitude  towards  failures  during  product  use 
Configuration systems are nowadays widely applied in the 
concept of mass customisation [47]. A product which is 
configurable is customised to specific customer requirements 
based on a restriction network of interrelated components. 
Regarding a definition of the term “configuration system”, a 
configuration can be seen as an artefact which is “assembled 
from instances of a fixed set of well-defined component types 
and components interact with each other in a predefined 
way.” [48] The international standard DIN ISO 10007 defines 
configuration as “interrelated functional and physical 
characteristics of a product defined in product configuration 
information” [49]. Referring to that, a configuration system 
supports the design and administration  of configurable 
products [50]. 
According to contemporary literature, there are three 
design paradigms for configuration systems [47, 48]: 
 
x rule-based configuration systems 
x model-based configuration systems 
x case-based configuration systems 
 
Towards a digital configuration system for the alignment 
of quality testing activities throughout the entire product life 
cycle, a model-based approach shows great promise. Based on 
the overview of quality testing activities throughout the 
product life cycle as well as an analysis of the 
interdependency matrix, a process model for interconnected 
quality testing activities can be derived. This process model 
can be used to design a framework for the configuration 
system. 
The development concept of the digital configuration 
system for quality testing activities is displayed in figure 6. In 
addition to the process model for interconnected quality 
testing activities, the configuration system also needs to 
consider the company-specific boundary conditions which 
have been described in chapter 5. The system can be 
implemented as a digital planning tool supporting companies 
within life cycle-orientated inspection planning. 
The digital configuration system for aligned quality testing 
activities throughout the entire product life cycle pursues two 
main objectives. First, companies shall be enforced to analyse 
their current situation of quality testing activities in order to 
identify insufficient linkage. The second goal of the digital 
configuration system is to support companies within test 
planning for new product development. By analysing the 
boundary conditions related to the product, process, company 
organisation and target market it is possible to define and 
optimise quality testing activities that are required to ensure 
product and process quality to the customer. 
The application of the digital configuration system is 
conducted within three steps. First, a mapping of the initial 
state of quality testing activities throughout the product life 
Stages of the product lifecycle 
 
QT
A 
1 
QT
A 
2 
QT
A 
3 
…
 
            
…
 
QT
A
n
QTA 1 X 
QTA 2     X   X        
QTA 3  X          X    
… 
 
 
 
 
 
 
 
 
 
 
 
 
 
… 
QTA n 
     X   X       
               
         X    X  
 X              
  X         X    
      X         
              X 
   X        X    
 X        X      
     X         X 
       X       X 
      X         
358   Jan Kukulies et al. /  Procedia CIRP  25 ( 2014 )  351 – 360 
 
 
 
 
 
  
 
 
 
 
 
 
 
  
 
Fig. 6. Concept for a digital configuration model for quality testing activities. 
 
cycle is mandatory. This is done by analysing the existing 
quality testing footprint of the company. By integrating the 
existing state of inspection processes into the configuration 
system, the interconnection of testing activities can be 
conducted based on the interdependency process model. 
Second, an analysis of  the company-specific boundary 
conditions is performed. The determining factors of the 
present product, process, organisation and market are also 
provided to the digital configuration system. Based on the 
initial state, the interdependency of testing activities as well as 
the company-specific boundary conditions, the configuration 
system offers a general recommendation of harmonising 
testing activities in each stage of the product life cycle. Based 
on the results of the configuration system, unnecessary or 
redundant quality testing activities can be eliminated. For 
existing inspection process which cannot be removed it is 
possible to identify process-inherent improvement potentials 
in order to enhance testing efficiency. Furthermore, new 
suitable quality testing activities can be established in order to 
shift the inspection focus to earlier stages of the product life 
cycle. 
By utilising the digital configuration system for aligning 
inspection activities, companies are able to harmonise their 
quality testing activities also compliant to company-related 
superior testing policies and strategies. Considering 
constraints resulting from  both interdependency of quality 
testing activities as well as boundary conditions, suitable 
inspection activities can be identified and harmonised at all 
stages of the product life cycle. Hence, testing redundancies 
can be identified and eliminated. Furthermore, necessary 
testing activities can be relocated or distributed throughout the 
whole product life cycle. For example, it is possible to reduce 
expensive testing activities in the stage of series production by 
identifying suitable quality tests in earlier stages of the 
product life cycle. By using the configuration system, 
companies are empowered to design adequate quality tests 
throughout the entire product life cycle ensuring product 
quality to the customer. 
 
7. Summary and Outlook 
 
Quality testing activities are necessary in order to assure 
the quality of products delivered to the customer. In order to 
optimise testing processes, it is recommendable to align and 
harmonise quality inspections throughout the entire product 
life cycle. Therefore, an overview of relevant quality testing 
activities conducted during different stages of the product life 
cycle has been presented. The alignment of quality testing 
activities requires a deep understanding of the dependency of 
single inspection processes. Regarding this, an 
interdependency matrix has been introduced. It offers the 
possibility to map existing quality testing activities and 
analyse their interconnections. In addition, the matrix 
represents an approach towards a process model which can be 
used to develop a digital configuration system for quality 
testing activities. Based on the initial state of quality testing 
activities, the interdependency of quality testing activities as 
well as company specific boundary conditions, an approach to 
develop a configuration system has been presented. This 
configuration system  offers a general recommendation for 
aligning inspection activities throughout the entire product life 
cycle. The alignment of quality inspections provides 
companies the chance of optimising their quality testing 
footprint by eliminating redundant testing activities as well as 
introducing efficient inspection processes. To sum up, the 
digital configuration tool supports within product life cycle 
management within digital process planning and optimisation. 
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Companies are able to reduce internal costs related to quality 
inspections leading to increased competitiveness. 
In order to develop the digital configuration system, further 
investigation on the interconnection of inspection activities is 
necessary. The interdependency matrix offers a suitable tool 
to map existing testing activities throughout the product life 
cycle and conduct a fundamental analysis of the 
interconnections. In order to perform a profound 
investigation, further systematisation of the testing 
interdependency is recommended. Regarding this, an 
engineering morphology on testing activities and their 
interconnections represents a premising approach. Moreover, 
the company-specific boundary conditions need to be 
analysed in greater detail. By further classification, it is 
possible to systematically implement the interfaces between 
planning constraints and configuration system. 
The digital configuration system for quality testing 
alignment does also affect contemporary big data questions. 
On the one hand, the included process model for 
interdependent quality testing activities generates structured 
data of testing activities throughout the entire product life 
cycle which can be provided to testing amount analysis. On 
the other hand, the digital configuration system requires 
information about the company specific boundary conditions. 
These data elements can be derived by data mining algorithms 
from different company-inherent data sources. 
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